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I, NIKOLAUS GRUBHOFER, of Gustav- 
Kirchhoffstrasse 12. D-69, Heidelberg, Germany 
of German Nationality, do hereby delcare the 
invention, for which 1 pray that a patent may be 

5 granted to me, and the method by which it is to 
be performed to be particularly described in and 
by the following statement:- 

This invention is concerned with improve- 
ments in and relating to ampholytic materials 

10 and the preparation thereof. As is well known, 
ampholytes are compounds containing both 
acidic and basic groups and this invention is 
particularly concerned with ampholytic mat- 
. erials comprising a mixture of different 

15 ampholytes having varying ratios of acidic to 
basic groups. 

In the absence of any other electrolyte, an 
aqueous solution of an ampholyte has a definite 
pH value, namely that corresponding to the iso- 

20 electric point of the ampholyte. Depending on 
whether it contains a preponderant of basic or 
acidic groups an ampholyte migrates to the 
anode or cathode when an electric field is 
applied. In the case of a mixture of different 

25 ampholytes. the ampholytes will initially 
neutralise each other but when an electrical 
field is applied to a solution thereof the 
ampholytes will travel at different rates and in 
different directions depending on their iso- 

30 electric point. If mixing of the aqueous phase 
is prevented by stabilization in membranes, a 
pH gradient will be caused in such an ampholyte 
mixture after the application of an electrical 
field. The pH gradient may range from a 

35 strongly acidic pH close to the anode to a 
strongly alkaline pH close to the cathode. The 
generation of such a pH gradient may be em- 
ployed for very precise electrophoretic sep- 
arations of high molecular weiglit ampholytes, 

40 for example albumen substances, in order to 
analyse or purify them. This separation process 
may be temied "focussing electrophoresis''. 

Ampholytes which have been used for 
focussing electrophoresis contain primary 



secondary and tertiary amino groups as the 45 
basic groups, and carboxyl groups as the acid 
groups. 

However, such ampholytes suffer from a 
nuijiberof disadvantages, as follows. Firstly, the 
use of carboxylic acid groups as acidic groups 50 
does not allow the iso-electric pomt to be red- 
uced below about pH4,5, thus restricting the 
acid limit of the pH gradient. Secondly, it is 
difficult to obtain hi^er iso-electric points than 
pH 10 using primary, secondary or tertiary 55 
amino groups as basic groups. Finally, the use 
of carboxyl groups as acidic groups may give 
rise to problems in the treatment of biological 
material since carboxyl groups may form in- 
soluble or complex compounds wi th m ul ti valent 60 
metal cations, in particular with calcium and 
magnesium ions, but also and to an increased 
extent, with copper, zinc or like ions, which 
may be encountered in biological research. 

It has now been found, in accordance with 65 
the present invention, that ampholyte materials 
may be prepared in which sulphonic acid groups, 
rather than carboxylic acid groups, serve as Uie 
acidic groups. 

Accordingly, one mebodiment of the present 70 
invention provides an ampholytic material com- 
prising a mixture of ampholytes which are 
polyamines containing at least four primary, 
secondary, tertiary or quaternary amino groups, 
as basic groups, and at least one sulphonic acid "75 
or sulphonic acid ester group as acidic group. ^ 

The ampholytic material m accoraance wiui 
the hivention may be prepared by reacting a 
polyamine containing at least four primary, 
secondary or tertiary amino groups with a molar 80 
excess of an alkylating agent which introduces 
an alkyl group bearing a sulphonicacid or 
sulphonic acid ester group into the primary or 
secondary amino groups of the polyamine. 
Examples of suitable alkylating agents include 85 
alkane sultones, e.g. propane sultonc, haloalkyi 
sulphonic acids, especially bromoalkyl sulphonic 
acids such as broinoethanesulplionic acid, and 
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unsaiuryled aiiphalic sulphonic acids such us 
vinyl sulphimic acid. The polyaininc is pre- 
ferably an aliplialic polyainiiie and may be, for 
example, a polyalkylene polyaininc containing 
5 at least four amino groups such as pcniacihylenc 
hcxamine. The reaction between the p(»lyaniine 
and llie alkylating agent may suitably be carried 
out in the presence of a catalyst for example 
barium hydroxide and, if desired, in the 
10 presence of an antioxidant for example barium 
sulphate. 

It has also been found, in accordance with 
another embodiment of the invention, that the 
basicity of the amino groups may be increased 

15 by reaction with a suitable alkylating agent, 
without adversely affecting the preparation of 
the amphoiyie mixture. 

Thus, before reaction of the polyamine with 
the alkylating agent the polyaininc may be 

20 partially quaternised with a neutral alkylating 
agent, e.g. an alkyi halide such as methyl iodide, 
or di methyl sulphate , and the acid reaction 
proJiici iormeu is suitably removed by treat- 
ment with a cation exchanger. Wliere me 

25 alkylating agent is an alkyl halide quatcrnisation 
is suitably carried out in metharolic solution and 
when the alkylating agent is dimethyl sulphate 
quatanisation is suitably carried out in aqueous 
solution, 

30 The reaction products foimed by reaction of 
the polyamine and alkylating agent are mixed 
together to form a mixture contain many 
ampholytes having iso-electric points situated 
at varyingly close intervals. The wide variation 

35 in reaction conditions for the preparation 
according to the invention of such ampholytes is 
a special advantage of the method. 

The ampholyte mixtures obtained in accord- 
ance with the invention may be analysed by 

40 electrophoretically separating the mixture on a 
polyacrylamide or dextran-gel carrier, and 
measuring the pH value at different points of 
the range of separation. The separation of the 
ampholyte mixture to obtain separate fractions 

45 having a particular narrower range of iso-clectric 
points, may be carried out using known 
electrophoretic systems. 

The ampholyte materials produced m.accord- 
ance with the invention may be used, for 

50 example, in the. separation and analysis of high 
molecular weight ampholytes, e.g. protein and 
mucopolysaccharides, using electrophoretic 
focussing: 

In order that the invention may be well 
5^ understood the following Examples which are 
given by way of illustration only. In the 
txamples reference will be made to the 
accompanying drawings which are graphical 

60 l?ff''"/'^*^"' value of 

eleciropheiically separated compositions pro- 
Uuced m accordance with the invention. 

EXAMPLE I 
(a) Quaternarisaiion of polyamine: 
2.32g(O.OI mole) of pentaethylenehexamine 



is dissolved in 20 cc of methanol, mixed with 
5-04g (0.04 mole) of dimethyl sulphate, and 
boiled under reflux for 4 hours. 50 cc of water 
is added to the reaction mixture which is then 
reduced to hall its volume under vacuum. The 70 
methylsulphuric acid produced is extracted in a 
column using an acidic ion exchanger 'Dowex 
IxX). 

(b) Reaction of a in)Iyaminc witli mopanc 
suhonc 2.32g (O.OI mole) of pcntaoihylenc- 75 
hexaminc in 30 cc of a 10';. Miluiion of 
Ba(0H)2- 8H2O in water, or the equivalent 
quantity of the mixture obtained in ta> above, 
is mixed with 3.05g (0.025 mole) ot prupane 
sullone dissolved in 25 cc of acetone, and go 
boiled under reflux for 4 hours. The barium is 
removed by the addition of dilute sulphuric acid. 

EXAMPLE 2 
Reaction of polyamine with 35 
bromoethancsulphonic acid: 
2.32g (O.OI mole) of pentaethylenehexamine 
dissolved in 30 cc of water, or the equivalent 
quantity of the mixture obtained in Example 1 
(a), is mixed with. 4.70g (0,025 mole) of 90 
bromoethancsulphonic acid and boiled under 
refulux for 4 hours. 

EXAMPLE 3 
Reaction of polyamine with 95 
vinylsulphonic acid: 
2.32g(0.0l mole) of pentaethylenehexamine 
dissolved in 30 cc of water or the equivalent 
quantity of the mixture obtained in Example 
1(a), is mixed with, 3.25g of sodium vinyl 100 
sulphonatc and boiled under retlux conditions 
for 4 hours. 

The pH gradients of the materials obtained 
in the above examples were determined as 
follows: 

The mixture produced in the Example was 
freed from acetone by vacuum distillation, 
made up to a volume of 20 cc with water to 
give a solution II which was used in the 
production of a polyacrylamide gel from the 110 
following indgredients: 

solution II 2.5 cc 

407< acryiamide 3^75 " 

water 5.75 " 

0. 1 7r persulphate solution 1 2.00 " 115 

0.8V tetraethylene tetramine 0.03 
The mixture is poured into a glass dish 
(80 mm x 100 mm x 3 mm) and exposed to 
electrophoresis at 100 volts after poly- 
merisation. The gradient forming action is 120 
completed after approximately 3 hours: the 
electrophoresis is interrupted and the gel is 
removed from the disli and cut into twelve 
strips each having a width of 6 mm, extending 
along the gradient. The separate strips are each 125 
triturated with 4 cc of water and centrifuged. 
The pH value of each triturate is then measured 
by elcctromeiry. 

The results are shown in the accompanying 
drawings. 130 
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What I claim is: - 

1. An ampholylic material comprising a 
mixture of ampholytes which are polyamines 
containing at least four primary, secondary, 

5 tertiary or quaternary amine groups, as basic 
groups and at least one sulphonic acid or 
sulphonic acid ester group, as acidic group. 

2. An ampholytic material as claimed in 
claim 1 substantially as hereinbefore described 

10 with reference to the Examples. 

3. A process for the preparation of an 
ampholylic material as claimed in claim 1 which 
comprises reacting a polyamine containing at 
least four primary, secondary or tertiary amino 

15 groups with a molar excess of an alkylating 
agent which introduces an alky I group bearing 
a sulphonic acid or sulphonic acid ester group 
into the primary or secondary amino groups of 
the polyamine. 

20 4. A process as claimed in claim 3, in which 
the alkylating agent is an alkane sultone, a 
haloalkyl sulphonic acid or an unstaturated 
aliphatic sulphonic acid. 

5. A process as claimed in claim 4 in which 
25 the alkylating agent is propane sultone, a 

bromoalkyl sulphonic acid or vinyl sulphonic 
acid. 

6. A process as claimed in any one of claims 
3-5, in which the polyamine is an aliphatic 

30 polyamine. 

7. A process as claimed in claim 6 in which 
the aliphatic polyamine is a polyalkylene 
polyamine containing at least four amino groups. 

8. A process as claimed m any one of claims 



3-7 in which the reaction is carried out in the 35 
presence of a catalyst. 

9. A process as claimed in any one of claims 
3-8 in which the reaction is carried out in the 
presence of an antioxidanl. 

10. A process as claimed in any one of claims 40 
3-9 in which the polyamine is first quaternised 
with a neutral alkylating agent and the acid 
reaction product formed is removed by treat- 
ment with a cation exchanger, 

I L A process as clauned in claim 1 0, in which 
the neutral alkylating agent is an alkyl halide 
and the quaternisation is carried out in meth- 
anolic solution. 

1 2. A process as claimed in claim 1 0 in which 

the neutral alkylating agent is dimethyl sulphate 50 
and the quaternisation is carried out in aqueous 
solution. 

13. A process as claimed in claim 3 sub- 
stantially as hereinbefore described with re- 
ference to the Examples. 55 

14. Ampholytic materials when obtained by 
a process as claimed in any one of claims 3-13. 

15. A process for the separation or analysis 
of high molecular weight ampholytes by elect ro- 
phoretic focussing in which there is used an ^0 
ampholyte material as claimed in any one of 
claims 1 , 2 and 14. 

MARKS & CLERK 
Chartered Patent Agents 
57 & 58 Lincoln's Inn Fields, 
London. WC2A 3 LS 

Agents for the applicant(s). 
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